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1 Introduction 
1.1 Background 
1.1.1 The dorsal and rostral-ventral ACC 
Growing evidence from neuroimaging studies suggest that emotional and cognitive 
processes are interrelated and integrated in the brain. An anatomical key structure in emotion-
cognition tasks is the ACC (Albert et al. , 201 0; Allman et al. , 2001; Kanske and Kotz, 2011 b; 
Stevens et al. , 2011 ; To et al. , 2017). One significantly influential view in this area of research 
(Bush et al. , 2000) dichotomizes the ACC into areas that are functionally specialized in 
cognitive and emotional processing tasks, based on activation patterns found in tMRJ studies. 
Figure 1 illustrates the areas (Bush et al. , 2000) within the ACC that are activated and 
deactivated in cognitive and emotional tMRJ studies . 
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Figure l. Functional divisions of the ACC based on a meta-analysis of Activations and 
Deactivations during cognitive and emotional studies. 
Act ivations (A) and deacti vations (B) are shown in 2-D spatia l coordinates. The cogniti ve div isio n is 
acti vated by Stroop and Stroop-l ike tasks di vided attention tasks, and complex response se lection tasks. 
It is deacti vated (i.e. shows reduced blood flow or MR s ignal) by emotional tasks. The affective 
di vis io n is acti vated by tasks that re late to affecti ve or emotiona l content, or symptom provocat ion. It 
is deacti vated by cogniti ve ly demanding tasks. A direct comparison within the same subjects supports 
the cognit ive versus affective distinction. The orange triang le indicates the act ivation of the cogn iti ve 
di vision during the cogn it ive Count ing Stroop (Bush et a l. , 1998). The same group of subjects act ivated 
the affecti ve divis ion (blue diamond) while per forming the Emot ional Co unting Stroop (Wha len et a l. , 
1998) . A lthough matched normal contro ls act ivated the cogniti ve di vis ion during the Counting Stroop 
(ye llow triang le), subjects with attent io n-defici t/hyperacti vity disorder fa iled to activate the region 
(Bush et a l. , 1999) . Abbreviation: CC, co rpus callosum. Reprinted, with permiss ion fro m (Bush et a l. , 
2000). Copyright (2000) by E !sevier. 
The dACC (cold cogn itive ACC) (Bush et a l. , 2000), a lso known as caudal/posterior 
and m idcingul ate (Vogt, 2009) structure (Brodmann Area (BA) 24', BA 32') (Pizzagalli et al. , 
2006) has extensive connecti vity with the dorsolateral prefronta l cortex (DLPFC), parieta l 
cortex , premotor and supplementary motor area (Marguli es et al. , 2007; Niendam et al. , 20 12; 
ander and Scherer, 2009; Spreng et a l. , 201 3; Vincent et al. , 2008; Yu et al. , 2011 ). The 
rvACC (hot affec ti ve ACC) (Bush et a l. , 2000), also known as pregenua l- subgenual structure 
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(Vogt, 2009) (BA 24, BA 25, BA 32) (Pizzagalli et al., 2006) is connected to regions associated 
wi th emotional processing such as the amygdala, orbitofrontal cortex, nucleus accumbens and 
anterior insula (Etkin et al., 2011; Greicius et al., 2003; Ma et al., 2010; Margulies et al., 2007; 
Sander and Scherer, 2009; Yu et al., 2011 ). From one perspective, literature (Bush et al., 2000; 
Kanske and Kotz, 2011 b; Mohanty et al., 2007) observe dACC activation during cognitive 
tasks and rvACC activation during affective tasks. 
Cingulate 
sulcus 
Figure 2. Anterior Cingulate Cortex Anatomy 
The upper right part of the figure conta ins a reconstructed MRI of the media l surface of the right 
hemisphere of a sing le human brain (anterior towards the left, posterior towards the right). The 
cortica l surface has been ' partially inflated ' to allow simultaneo us viewing of gyri and sulci. In this 
examp le, a sing le cingulate gyrus lies between the c ingulate su lcus and the co rpus callosum. A 
schemat ic representation of cytoarchitectural areas (numbered) of ACC is shown on the enlarged 
section ( left). Cogniti ve di vision areas are outlined in red and affect ive di vis ion areas are out lined 
in blue. These simplified loca lizations are only approximations for illustrat ive purposes. A 
schemat ized fl at map of actual anterior cingulate cortica l areas is shown in the bottom right panel. 
The borders of each su lcus appear as thin unbroken black lines, w hereas a combination of broken 
and dotted lines outline c ingulate areas. (reprinted, with permiss ion fro m (Bush et a l. , 2000), adapted 
from (Yogt et a l. , 1995)). Copyright (2000) by Elsevier 
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On the other hand, there are studies (Fuchs et al. , 1985; Goldstein et al. , 2005 ; Heckers 
and Konradi , 2002; Kanbara and Fukunaga, 2016; Kober et al. , 2008; Ostlund et al. , 2003) 
indicating that the dACC, amygdala and hippocampus are part of a network system within the 
hypothalamic-pituitary-adrenal (HP A) axis that regulates emotional arousal. The dACC is also 
linked to autonomic cardiovascular arousal during cognitive control (Critchley et al. , 2003), 
emotional conflict evaluation (Etkin et al. , 2006, 20 II), generating fear responses (Etkin et al. , 
2011 ; Mechias et al. , 201 0; Milad et al. , 2007) , viewing high-arousing pictures in women with 
higher emotional awareness (McRae et al. , 2008) as well as with the experience of physical 
(Botvinick et al. , 2005 ; Ploghaus et al. , 1999) and emotional pain (Botvinick et al. , 2005 ; 
Rainvi lie et al. , 1997). In (Paus, 2001 ), because ofthe extensive connections of the dACC with 
midline thalamus and brainstem nuclei, it was suggested that the dACC activity is modulated 
by the arousal state of a human being. 
Meanwhile, apart from being involved in the modulation of emotional valence (Lepping 
et al. , 20 16; Rigney et al. , 20 18), the rv ACC is also found to be activated during cognitive 
processes such as cognitive control regulation (di Pellegrino et al. , 2007), the emotional valence 
modulation of cognitive processes (Shafritz et al. , 2006) and emotional conflict resolution 
(Etkin et al. , 2006, 2011 ). Hence, in contrast to the cold cognitive and hot affective parcellation 
view, the dACC is also involved in emotional tasks and the rvACC involved in cognitive tasks. 
Further, the dACC is found to be associated with emotional arousal and the rvACC with 
emotional valence. 
The bidirectional signal communication and significant connectivity between the ACC 
and the brainstem might provide exceptional opportunities for emotion-cognition interactions 
(Bianciardi et al. , 2016; Liddell et al. , 2005 ; Paus, 2001 ; Pessoa, 2013) . In support to these 
findings, the arguments in (Gray, 2004; Pessoa, 2014; Storbeck and Clore, 2007) indicate that 
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emotion and cognitive processes are mutually dependent and integrated in the brain. From our 
perspective, the analysis of the time courses of dACC and rv ACC activity during valence and 
arousal modulation may provide further evidence of the mutual dependency of emotional and 
cognitive processes in the brain. 
1.1.2 The Stroop Experiment 
The Stroop Task, first developed in 1935 (Stroop, 1935) has been consistent m 
producing behavioral and psychophysiological Stroop effects. The behavioral Stroop effect is 
described as longer response time in the incongruent compared to congruent stimuli 
(Badzakova-Trajkov et al. , 2009; Hanslmayr et al. , 2008; Holmes and Pizzagalli, 2008; Koga 
et al. , 2011; Liotti et al. , 2000; Markela-Lerenc et al. , 2004; Ortiz-Teran et al. , 2013 ; Sitton et 
al. , 2010; Tillman and Wiens, 2011) . ln the original Stroop task, participants took an average 
of 47s longer naming the colors of words printed in incongruent ink colors than naming the 
colors of solid color square. Throughout the years, many modifications have been made to the 
original Stroop experiment, including spatially separating color and word in the experiment 
(Kahneman and Chajczyk, 1983). Despite this, the Stroop effect is found to be still intact. 
On the realm of the interplay between emotion and cognitive processes, publications 
(Cromheeke and Mueller, 2014; Mueller, 2011) have surprisingly reported experimental 
studies from the classical emotional Stroop task (Gotlib and McCann, 1984). The emotional 
Stroop effect, defined as longer RT in naming the color of emotional words in comparison to 
neutral words (Chajut et al. , 201 Oa; Dalgleish, 2008; Williams et al. , 1996) measures attention 
bias to emotional words (Eide and Kemp, 2002; Gotlib and McCann, 1984).ln 2010, a variation 
of the emotional Stroop task (Chajut et al. , 201 Ob) was developed in combination of elements 
in (Kahneman and Chajczyk, 1983) to measure cognitive control in the presence of an 
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emotional context. The modified emotional Stroop effect is described as the difference of RT 
between incongruent and congruent stimuli. The experiment successfully imported the 
cognitive domain of the Stroop effect into the affective domain of the emotional Stroop. 
Stroop-based EEG experimental studies have localized the prominent N200 (Silton et 
al. , 201 0), N450 (Hanslmayr et al. , 2008; Liotti et al. , 2000; Markela-Lerenc et al. , 2004) and 
late negativity (Hanslmayr et al. , 2008; Holmes and Pizzagalli, 2008; Silton et al. , 201 0) 
Stroop-sensitive ERP markers at the ACC. The earlier N200 component, a negative fronto-
central deflection in the range of 140 to 340 ms post-stimulus has been reported in Stroop 
studies such as (Holmes and Pizzagalli, 2008; Ortiz-Teran et al. , 2013 ; Silton et al. , 201 0). The 
N450 negative deflection ranging from 350 to 550 ms and the late negativity effect ranging 
from 600 to 800 ms, have also been consistently reported, with their maxima occurring over 
fronto-central electrodes (Badzakova-Trajkov et al. , 2009; Hanslmayr et al. , 2008; Holmes and 
Pizzagalli, 2008; Koga et al. , 2011 ; Liotti et al. , 2000; Markela-Lerenc et al. , 2004; Ortiz-Teran 
et al. , 2013; Silton et al. , 2010; Tillman and Wiens, 2011). Thus, the N200, N450 and late 
negativity windows will be extensively studied in the emotion-cognition experiment with 
healthy subjects in Study 1. Significant valence and arousal modulating windows will be 
compared between HC and SZ subjects in Study 2. 
1.1.3 Emotional Valence and Arousal 
Evidence shows that emotional valence and arousal are separately associated with 
behavioral and physiological responses (Hempel et al. , 2007; Llerena et al. , 2012; Padmala et 
al. , 20 18; Vrana et al. , 1988). They influence different brain regions (Anders et al. , 2004; 
Dolcos et al. , 2004; Sieger et al. , 2015) at relatively separate stages (Gallant and Dyson, 2016; 
Gianotti et al. , 2008; Olofsson et al. , 2008) . Past studies suggested that valence mainly 
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modulates early ERP components, whereas arousal mainly modulates late components in pure 
affective tasks. Studies using affective pictures (Carretie et al. , 2004; Van Strien et al. , 2009), 
auditory emotional prosody (Paulmann et al. , 2013) and emotional words (Delaney-Busch et 
al. , 20 12; Gianotti et al. , 2008) show that emotional valence is processed earlier compared to 
emotional arousal. 
However, findings in the realm of the interplay between emotion and cognition remain 
unclear. Emotional valence has been found to modulate the N200 Go/No-Go ERP within the 
ACC (Albert et al. , 2010) and the Go/No-Go fMRI within the rvACC (Shafritz et al. , 2006). 
The P3a is suggested to be modulated by emotional valence and the P3b by arousal in an 
emotion-cognition oddball-like task (Delplanque et al. , 2006). Emotion (without valence-
arousal dissociation) modulated the emotion-cognition flanker task at the N200 window and 
the emotion-cognition Simon task at the N400 window within the rvACC (Kanske and Kotz, 
2011 b). The No-Go P3 shows differential modulation of emotional arousal in healthy controls 
and patients with ADHD (Lopez-Martinet al. , 2015). To the best knowledge of the author, the 
effects of emotional valence and arousal on the emotion-cognition Stroop task has not been 
investigated. 
1.1.4 Patients with SZ 
Remarked as the most complex emotional disorder to treat among all emotional 
di sorders, Schizophrenia has a prevalence rate of 1% of the world population (Rodrigues-
Amorim et al. , 2017; Wieronska et al. , 2016). Patients with Schizophrenia experience greater 
amplitude of emotional reactivity because of the mismatch, or breakdown between emotion 
and other channels in the brain (Benedetti et al. , 2011 ); mainly observed in areas of the brain 
connected to cognition (Kring and Elis, 2012). Patients may also experience the absence of 
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emotional display because of this abnormality (Anticevic and Corlett, 20 12). Schizophrenia is 
associated with disruption in thought, behavior and emotion. In this context, the anterior 
cingulate cortex (ACC) plays a prominent role, with different roles of the dACC and the 
rvACC. 
Current research shows existing dysconnectivity between the ACC and hippocampus 
(Cui et al. , 2015); and the dACC and amygdala (Liu et al. , 2014), leading to behavioral deficits 
in SZ subjects (Das et al. , 2007; Williams et al. , 2004). These are caused by increased levels 
of cortisol that affects the HPA axis by reducing hippocampus volume (C. Conrad, 2008; 
Mondelli et al. , 201 0), significantly reducing amygdala (Buckley, 2005) and the amygdala-
hippocampal complex volume in SZ subjects (Shenton et al., 2001). The HPA axis is found to 
be disturbed in SZ subjects with severe negative symptoms (Kaneko et al. , 1992). SZ subjects 
are prone to experience higher levels of cortisol and dysregulation of this stress hormone 
compared to HC (Bradley and Dinan, 201 0; Steen et at. , 2011 ; Walder et at. , 2000; Ytlmaz et 
al. , 2007). Emotional arousal activates cortisol release in humans (Cahill and McGaugh, 1998). 
High levels of cortisol is also associated with increased arousal (Abercrombie et al. , 2005 ; 
Dabbs and Hopper, 1990). The neural diathesis-stress model and its extended versions (Jones 
and Fernyhough, 2007; Nuechterlein and Dawson, 1984; Pruessner et al. , 2017; Walker et al. , 
2008; Walker and Diforio, 1997) theorized that emotional stress might trigger psychosis in 
vulnerable individuals. 
The rvACC is connected with the ventral striatum (Ongi.ir and Price, 2000), nucleus 
accumbens (Nacc) (Ongi.ir and Price, 2000), anterior insula (Yu et al. , 2011) and orbitofrontal 
cortex (OBF) (Ongi.ir and Price, 2000; Yu et al. , 2011); all well-established components ofthe 
salience network. Attentional selection is determined by the salience of a stimulus and 
emotional valence is a determinant for salience (Niu et al. , 2012) . A caveat to the current SZ 
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literature are inconsistent findings on the relation of emotional valence with cognitive 
impairment and the dysfunction of the rvACC. For instance, negative valenced items are found 
to promote cognitive impairment in SZ subjects (Fear et al. , 1996; Habel et al. , 20 I Ob; Mohanty 
et al. , 2005). On the other hand, they had nonsignificant effects in (Herbener et al. , 2007). SZ 
subjects demonstrated rvACC hypoactivity during errors of commission task (Laurens et al. , 
2003; Polli et al. , 2008), related to affective dysfunction (Bates et al. , 2002; Laurens et al. , 
2003; Polli et al. , 2008). While violent SZ male subjects experience rvACC hyperactivations 
when viewing negative images, non-violent male SZ and HC subjects had nonsignificant 
rv ACC activation difference (Dumais et al. , 20 16). (Mohanty et al. , 2005) also found 
nonsignificant differences in the modulation of rv ACC activity between schizotypy and HC 
subjects in the negative valence condition. The variation in these findings might be explained 
by factoring in the two dimensional valence and arousal elements in experimental paradigms. 
This dissertation compnses of two EEG experiments conducted to ascertain the 
influences of emotional valence and arousal on cognitive control in healthy subjects (Study 1 ); 
and to compare behavioral responses and temporal dynamics of the modulations of emotional 
va lence and arousal on cognitive control in healthy controls (HC) and patients with 
Schizophrenia (SZ) (Study 2) using a modified emotional Stroop task. 
1.2 Problem Statement 
The complex interplay of emotional and cognitive processes is present in our daily lives. 
Unbalanced emotion-cognition interaction might be destructive , such as those observed in 
anx iety and mood disorders. The emergence of world issues such as mass violence, terrorist 
attacks, religious, racial or ethnic hatred and discrimination, natural disasters and tragedies, 
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accompanied by modernization, lifestyle and stressful life events contribute to the prevalence 
of mental health disorders (Krabbendam, 2005 ; Miller and Rasmussen, 20 I 0; Murthy and 
Lakshminarayana, 2006; Park et al. , 2015; Steel et al. , 2009). Moreover, patients suffering from 
psychiatric disorders struggle to remain balanced under the influences of extreme emotions and 
stressors (Brown et al. , 2002; Kuipers et al. , 2006; Olff et al. , 2005). Thus, unveiling and 
understanding the neurobiology and neuropsychiatry aspects of emotion-cognition interaction 
is critical as the aggravation of the dysfunctional emotion-cognition interactions in patients 
with psychiatric disorders is disastrous and debilitating. Although a remarkable acceleration of 
research focused on the interplay of emotion and cognition have emerged, none have yet to 
explore the temporal dynamics of the impact of emotional valence and arousal on cognition. 
Several publications (Cromheeke and Mueller, 2014; Mueller, 2011) report the classical 
emotional Stroop effect in the realm of emotion-cognition. The emotional Stroop task, 
however, measures attention bias to emotional words (emotional domain) and not cognitive 
interference (cognitive domain) . In the most recent development, an emotion-cognition Stroop 
task (Chajut et al. , 201 Ob) has been developed to investigate the influence of emotion on 
cognitive control. To the best of our knowledge, only behavioral responses have been obtained 
in the study. Moreover, comparisons were only made in the negative and neutral conditions. It 
is necessary to investigate behavioral and brain responses of the cognitive-emotional Stroop 
effect in all valence and arousal domains to address the limitations of previous research. 
In Section 1.1 .3, the inconsistencies of the time windows of the modulations of 
emotional valence and arousal during cognition in emotion-cognition studies were discussed, 
although literature on pure emotional studies show the modulation of emotional valence at an 
earlier ERP time window compared to the modulation of emotional arousal. To address the 
conflict, the investigation of the behavioral , ERP and the time course of the dACC and rvACC 
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act ivity in emotion-cognition Stroop task is crucial. Past studies have yet to achieve a functional 
profi le wi th respect to emotional valence and arousal modulation in emotion-cognition tasks in 
hea lthy subjects. This is important in order to provide a standard comparison in patient or 
clinical studies. 
Cognitive dysfunction is a core feature of schizophrenia. Cognitive deficits in patients 
with SZ has previously received abundant attention, as it is associated with their functional 
outcome (Bowie and Harvey, 2006; Soria et at. , 2018). However, antipsychotic medication 
(Carpenter and Koenig, 2008; Feifel et al. , 20 16; Hill et at. , 201 0) and cognitive enhancement 
therapy (Fakra et at. , 20 15) typically have minimal impact towards the functional outcome of 
patients with SZ. Research show pure cognitive processes, such as those evaluated and trained 
in lots of programs may be distant from real-world applicability (Wykes et at. , 2011 ), as the 
latter is largely based on socio-affective processes (Keshavan et al. , 2014 ). Consequently, 
research of the interface of cognition and emotion in patients with SZ, has emerged. 
Patients with SZ do not have the capacity to handle highly charged emotional-cognitive 
situations (Myin-Germeys et al. , 2005 ; Watson, 2015) . The dysregulation of emotional arousal 
within the dACC has been linked to cognitive deficits and negative symptoms in SZ subjects, 
however, the time window of this crucial state has not been determined. Moreover, the impact 
of emotional valence in modulating cognition and the rvACC activity in SZ subjects remains 
unc lear. To address the requirements of the current state of knowledge in SZ investigation, the 
ti me course of the comparisons between the activation ofthe dACC and rvACC between HC 
and SZ subjects needs to be investigated. Abnormal emotion-cognition interactions might be 
cri tically involved in the pathophysiology of SZ. 
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1.3 Significance of the Study 
1.3 .1 Study 1 
The investigation of the mechanisms of emotions mediating conflict play an important 
role in the ever-changing reality. The selection of appropriate responses in conflicting 
situations is essential for surviving and thriving in the modem world. Central to the components 
in the brain mediating cognitive and emotional processes are the dACC and rvACC. Research 
on the complex nature of the integration between emotional and cognitive processes within the 
ACC subdivisions (Okon-Singer et al. , 2015 ; Pessoa, 2008; Salzman and Fusi , 20 I 0) is 
becoming increasingly important and crucial to be understood. This study contributes to this 
growing area of research by revealing the influence of emotional valence and arousal on 
cognitive control within the dACC and rvACC. 
The sLORET A time course provides excellent temporal resolution for source activity 
on a millisecond by millisecond basis. It provides an excellent opportunity to define 
electrophysiological processes temporally, in contrast to other neuroimaging technology such 
as fMRI and PET. The understanding of the time course of the activation within the ACC 
subdivisions during emotion-cognition interaction enables one to generate more sophisticated 
premises, assumptions, speculations and predictions about emotion-cognition experiences. For 
example, thus far it is unknown whether the activation in the rvACC or dACC occurs earlier 
or later within the sequence of emotion-cognition processes. If these activations occur earlier, 
one might argue for more automatic processes driving the modulations of emotions on 
cognition. However, if these activations occur later, they may support top-down processes 
controlling response selection. 
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The time course further illustrates the dynamics within the dACC and rvACC which is 
pivotal for understanding the effect of emotional valence and arousal during cognitive control. 
This provides the opportunity of detecting any valence-conflict or arousal-conflict effects 
within specified regions. This study examines the temporal dynamics of the effects of 
emotional valence and arousal on cognition, which, to the best of our knowledge, has not been 
addressed previously. Furthermore, current literature has identified several brain regions 
involved in the generation of induced emotional valence and arousal , but there is no 
information available about the temporal dynamics and the intensity of activation within the 
classified regions. 
Behavioral performance is closely linked to the modulation of cortical evoked activity 
providing explanations of underlying brain-behavior integration. The current study addresses 
thi s aspect, which have not been previously explored in the emotion-cognition Stroop 
experiment. Further, the attainment of the time window of the dACC and rvACC activation in 
the emotion-cognition Stroop task in healthy subjects serves as a benchmark for future patient 
studies. 
1.3 .2 Study 2 
Evidence suggest that SZ is a severe condition affecting several different domains 
including cognitive and emotional processing. In this context, the ACC plays a prominent role, 
with different but interrelated roles of the dACC and rvACC. This study would address the 
urgent need of understanding emotion-cognition interactions in patients with SZ through the 
investigation of the time course within the dACC and rv ACC in an emotion-cognition Stroop 
experiment. 
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Currently, very few studies are focused on investigating arousal-conflict or valence-
conflict related deficiencies in SZ subjects. Evidence relates SZ subjects with arousal 
dysregulation within the dACC, associated with cognitive impairment, however, the time 
window of this crucial state has not been determined. Moreover, literature is inconsistent on 
the relation of emotional valence with cognitive impairment and the dysfunction ofthe rv ACC. 
Th is research addresses the gaps and conflicts of previous studies by investigating the impact 
of emotional valence and arousal on cognitive control within the dACC and rv ACC in patients 
with SZ, which may lead to the discovery of the brain regions involved in aberrant emotion-
cognition modulations. It is hoped that the findings of the dissertation would spark a boost 
within emotion-cognition research in SZ, leading to improved intervention strategies. A 
breakthrough in this area could possibly result in an increase in the quality of life of patients 
suffering from SZ, leading to societal wellbeing. 
1.4 Rationale for the experiments 
Recent years have witnessed not only the emergence new findings, but also challenges 
to old ideas in the field of emotion-cognition. There remains an open question as to how 
emotional valence and arousal influence cognitive control and how does it affect the brain? 
What are the implications of these findings towards patients with psychiatric disorders? 
Patients with SZ for example, have been associated with arousal and valence related cognitive 
defi ciencies. 
One method of investigating the area of emotion-cognition interrelations is by 
examining how emotions modulate cognition (Storbeck and Clore, 2007). The focus of 
prev ious (ERP and fMRI) studies investigating cognitive-emotional interactions were not on 
the valence and arousal dimensional effect. This issue was addressed with a ROI (dACC and 
rv ACC) time course study on the impact of emotional valence and arousal on cognitive control. 
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The time course analysis illustrates the dynamics within the dACC and rvACC which is pivotal 
for understanding the effect of emotional valence and arousal during cognitive control. 
An existing emotion-cognition Stroop behavioral study in the realm of ERP and ROI 
current density was employed. The experiment was then performed on SZ subjects. The 
parameters of the study were the RT, the N200, N450 and late negativity ERP windows and 
the time course ofthe dACC and rvACC activity. 
1.5 Research objectives 
1.5.1 Study 1 
1) To examine the time course of the current density within the dACC and rvACC in an 
emotion-cognition Stroop Task 
2) To determine the time window and the brain region responsible for modulating valence 
during conflict 
3) To the determine the time window and brain region responsible for the modulation of 
arousal during conflict. 
1.5 .2 Study 2 
1) To compare the time courses of the current density within the dACC and rvACC 
between SZ subjects and HC subjects in an emotion-cognition Stroop Task. 
2) To determine the time window and brain region responsible for the existence of 
aberrant arousal-conflict modulation in SZ subjects. 
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3) To determine the time window and brain region responsible for the existence of 
aberrant valence-conflict modulation in SZ subjects. 
1.6 Research Scope 
In the present dissertation, we examined the modulations of emotional valence and 
arousal on each of the Stroop ERP markers : the N200, N450 and late negativity in healthy 
subjects; and the N450 and late negativity as a comparison between HC and patients with SZ. 
The investigation of the RT, ERPs and sLORETA ROI source activity during conflict in 
vari ous levels of emotional valence (neutral , positive, negative) and arousal (low, high) is 
necessary as it would unravel possible valence and arousal modulations at specific Stroop-
sensitive time windows. 
The sLORET A ROI source localization analysis elucidates the time course of the dACC 
and rvACC activation during the emotional Stroop task. This might result in achieving a 
fu nctional profile (within our ROis: the dACC and rvACC) with respect to the influence of 
emotional valence and arousal in modulating cognitive control. The RT, ERP, sLORETA ROI 
parameters will be compared between HC and patients with SZ. Although whole brain analysis 
and connectivity analysis of other sub-regions of the ACC and other emotional-cognitive 
regions of the brain are excellent methods of investigating emotion-cognition brain 
interactions, they will not be discussed in this dissertation as these methods are beyond the 
scope of the dissertation. 
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